The influence of chilling period hours and accumulative photo-thermal unit at different base temperatures, 10, 11, 13, 15, and 18 °C, on the flowering of strawberry was examined in Sana'a University-Yemen during two seasons: 2006 and 2007. The randomized complete block design (RCBD) field experiment was designed with 5 chilling hours (CHs) periods (0, 360, 750, 1080, and 1440 CHs under 2 ± 1 °C), with four replicates each. Accumulative photo-thermal unit (PTU) was calculated for every treatment at different base temperatures for two stages: (i) from planting date to the flower opening (THA) and (ii) from planting date until the end of 2 months (THB). The results revealed that the plants treated with 1080 h of chilling produced flowers with about 55.12% and 61.97% earlier when compared with control (without chilling) in both the seasons, respectively. Stepwise multiple regression analysis showed that both CHs and the accumulative PTU THA13 (in the first season) and CH plus THA10 (in the second season) have significant effect on days until flower opening, in which the majority effect was related to the chilling period. The effect of chilling period and accumulative PTU at 18 °C (THB18) had s significant influence (p < 0.05) on the number of early flower per plant, with about r 2 = 0.250 and r 2 = 0.536 in both the seasons, respectively, and r 2 = 0.531 and r 2 =0.740 for the total effect of both CH and THB18, respectively. However, the exposure of plants to the long period of chilling (1080 and 1440 h) led the plants to produce runners and break up the flowering stage after 9 and 11 weeks in both the seasons, respectively. Meanwhile, plants that received 360-h chilling produced significantly highest (p < 0.05) total number of flowers (24.83 per plant), with about 71.2% higher than that produced by control plants. Moreover, in the second season, plants treated with 750-h chilling produced the significantly higher total number of flowers per plant, with about 50.3% higher than that of the control. Meanwhile, the 360-h and 750-h chilling periods have similar effect on the number of flowers per plant in the second season. The result showed that the starch level in the crown significantly positively correlated with the days to flower opening (r 2 = 0.415, p = 0.05) and negatively correlated with the number of early flower (r 2 = 0.587, p = 0.01). The data from this study might be used for the management of strawberry production.
INTRODUCTION
The cultivated strawberry, Fragaria × ananassa Duch., is a member of the Rosaceae family. It is cultivated worldwide in about 75 countries covering subtropical, temperate and high-latitude of tropical regions (FAO 2016; Hancock 1999) . According to FAO (2016) , the world's production of strawberry was increased by 1200.7% between 1961 and 2016. The estimated total world's production in 2016 was about 9,118,336 tons with planting area of about 401,862 ha. In Yemen, strawberry is widely grown in south and north of the capital city (Sana'a). At the last time, one everbearing cultivar was commercially cultivated in Yemen until 2010. Recently, about four strawberry cultivars have been cultivated in Yemen. ____________________________________________________________________________________________________________________ However, the commercial production of strawberry in Yemen is still significantly smaller, because of the problems such as limited availability of highyielding strawberry cultivars.
One of the most important factors that determined the successful growth and yielding of strawberry is chilling requirement. In the temperate regions, strawberry plants accumulate a sufficient number of chilling hours (CHs) and store carbohydrates in the roots and crowns, whereas shoot remains dormant as a response to the short photoperiods and low temperatures during the autumn and winter (Durner et al. 1984; Maas 1986 ). On the other hand, chilling requirement is the main point of initiation of strawberry flowers. Sufficient cold conditioning or chilling exposure received by strawberry during the late autumn and winter helps the plants to adapt and grow in the temperate region (Durner et al. 1984; Maas 1986 ). Meanwhile, inadequate chilling results in low vegetative vigor and reduced vegetative growth, flowering, and fruiting of strawberry (Voth & Bringhurst 1970; Craig & Brown 1977; Robert et al. 1997; Bringhurst & Galletta 1990) . Plants with low vegetative vigor flower intensely and produce small fruit (Bringhurst & Galletta 1990) .
Thus, the aim of this study was to determine level of influence of chilling on strawberry flowering associated with the successful production of strawberry fruits under climatic condition in Sana'a. In view of the fact that the cold conditioning or chilling exposure for strawberry grown under the Yemen conditions has not been thoroughly studied, the accumulative photo-thermal units (PTUs) could clarify the effect of chilling. The data from this study might be used for the management of strawberry production under the climatic conditions of Yemen.
MATERIALS AND METHOD

Plant material and experimental field
The field experiment was carried out in the Faculty of Agriculture of the Sana'a University in Yemen using local strawberry cultivar. Plants were obtained from lateral crowns on strawberry plantation material obtained from the mother plants, dug from a good farm-growing strawberry at Sanhan District (15°14'55.07" N and 44°17'27.60" E; 14 km from the capital city, Sana'a) on January 27 th , 2006 and 2007. High-quality plants were selected (with about 10-mm crown diameter and an average weight of 10 g) and divided into 5 groups according to the chilling treatments described in Table 1 .
The randomized complete block design (RCBD) field experiment was designed with 5 chilling treatments, which include 4 replicates and 20 plants in every unit experiment (80 per treatment). Plants were treated with a fungicide (Ridomil Gold) after digging. Control plants (0 chilling) were planted in the field immediately after digging. Plants for chilling treatments were separated by 100 pieces into 4 polyethylene plastic bags and exposured to chilling in refrigerator at 2 ± 1 °C. After exposing to the CHs described in Table 1 , the plants were planted in the experimental field. All plants were equally irrigated and fertilized. Soil characteristics and climatic details are presented in Fig. 1 and Table 2 . Fig. 1 . The highest, lowest, and means of the minimum, maximum, and means of monthly temperature and the average of monthly day length during the field experiment
Flowering characterization
The following traits were evaluated. a. Number of days until the flowering of the earliest flowers of all plants was recorded for each experimental unit.
b. Early flowers were calculated individually for every plant, and the mean was calculated for each experimental unit (replicates) for the first 2 months from planting date. c. Total number of flowers was registered weekly for individual plants in each replicate from planting until the end of the experiment (20 weeks from the planting).
Starch analyses
The fresh and dry weights and the content of the starch in crowns were analyzed at every time of planting, after receiving chilling treatment (Table 1). Ten plants were randomly chosen from the plastic bag after harvest from the chilling. The starch was analyzed from the dried samples. After removing all the soluble materials in the samples, they were subjected to the acidity method using 0.7 N HCl to convert starch into soluble sugar. Then the solution was hydrolyzed in a boiling water bath for 2.5 h and cooled at room temperature, with an equivalent of 0.5 N NaOH. Then, the samples were diluted, and the soluble sugar was determined calorimetrically using the anthrone reagent method. The absorbance was determined at 630 nm in a digital UV spectrophotometer (López et al. 2002) . Accumulative photo-thermal units Strawberry plants were grown in the field for different number of days after the chilling treatment. It is possible the difference between the treatments related to the temperatures and photoperiod of the time and subsequent of planting. In this case, accumulative PTUs for every treatment were calculated to ensure the effects related to chilling using the following equation: PTU = GDD × L, where GDD = growing degree day (average of daily temperature − base temperature), and L = daily length hours (measured from the sunrise until sunset).
The accumulative PTUs were calculated for two stages: (i) from the planting date (after chilling treatments) to the first flowers opening stage (BBCH identification keys of strawberry code = 60) and (ii) from planting date to the end of the 2 months. Although the unit growth (base temperature) was considered as 10, 11, 13, 15, and 18 °C, the plant accumulates CHs at a lower temperature of 10 °C and the optimum temperature for flowering of strawberry plant is 18 °C. 
Statistical analysis
The data was statistically analyzed as an RCBD with four replicates using IBM SPSS 21 software. The least significant difference (LSD) was used for the comparison of means amongst the treatments, and the one-way Welch's and Games-Howell tests were used for the comparison of means of runners.
Stepwise multiple regression analysis was also used for analyzing the chilling treatment hours and the accumulative PTU. Pearson correlation was used for analyzing the starch level.
RESULT
Number of days from planting until flowering (DF)
The number of days to first flowers open on at least 50% of plants is given in Fig. 2 . Exposure of plants to chilling treatment decreased the period until the flower opening. The chilling for 360, 750, 1080, and 1440 h reduced the number of days required for flowering by 18, 23, 25 and 21 days, respectively, in the first year and by 11, 24, 29, and 24, respectively, in the second year. There were no significant differences in this parameter at p < 0.05 amongst chilling for 360, 750, 1080, and 1440 h in the first year and amongst 750, 1080 h, and 60 days in the second year.
Moreover, the stepwise multiple regression analysis (Tables 3 & 4) showed that both CHs and the accumulative PTUs at 13 °C from planting date until the first flowers opening have significant effect on the number of days until flowering. In the first season, the influence of both CH and THA13 from planting date until the flowering elucidated with about r 2 = 0.807 from the total variation effect on the term, where the chilling shown the most influence factor with about r 2 = 0.497 of the total compound effects of CH and THA10. The regression equation used was DF = 34.34 − 0.017 CH + 0.005 HTA13 (p < 0.05). There was no significant effect related to accumulative PTUs at 10, 11, 15, and 18 °C (Table 3) .
In the second season, both the variables (CH and THA10) significantly (p < 0.05) explained about r 2 = 0.80 of variation in the number of days from planting until flowering. Meanwhile, the most effected related to the chilling period (CH) with about r 2 = 0.71 from the total effect of both variables (CH, THA10). The regression equation used was DF = 50.851 − 0.015 CH +0.003 THA10. No significant effect was observed on the other accumulative PTU at 11, 13, 15, and 18 °C (Table 4) . Other accumulative PTUs at 11, 13, 15, and 18 °C were not significantly influenced and excluded from equation. 
Number of early flower per plant (NEF)
The results of analysis of variance showed that the plants exposed to 1080 CHs had significantly higher number of early flowers per plant compared with control. Control treatment produced significantly lower number of early flowers in both the seasons (Table 5) . Stepwise multiple regression analysis (Table 6 & 7) confirmed that the effect of chilling period (CH) and the accumulative PTUs at 18 °C (THB18) were the factors, amongst other factors studied (CH and accumulative PTU from planting date until the end of 2 months at different base temperature 10, 11, 13, 15, and 18 °C), that influence the number of early flowers per plant. The effect of chilling period and accumulative PTU at 18 °C (THB18) had significant influence (p < 0.05) on the number of early flower per plant with about r 2 = 0.250 and r 2 = 0.536, respectively, in both the seasons, with the total effect of both CH and THB18 as r 2 = 0.531 and r 2 =0.740, respectively. The effect of chilling period can be calculated using the following equations: NEF = 0.965 + 0.009 CH − 0.005 HTB18 (first season) and NEF = −0.243 + 0.005 CH − 0.001 HTB18 (second season).
Total number of flowers
The total number of flowers per plant during the field experiment (20 weeks) was significantly influenced by the chilling factor (Figs. 2 & 3) . In the first season, when the plants received 360-h chilling period, plants produced significantly (p < 0.05) highest number of flowers (24.83 flowers per plant), about 71.2% higher than that of control plants (Table 5). In the second season, the highest number of flowers was produced when the plants were treated with 750-h chilling period, which was significantly (Table 5) . In contrast, plants treated with 1440-h chilled period produced the lowest significant number of flowers per plant. It was on a par with those chilled for 1080-h period in both the seasons. The flowering times of plants that received 1440-h chilling period were discontinued after 9 and 11 weeks from planting in both the seasons, respectively (Fig. 2) , whereas those of the plants exposed to 1080-h chilling period were somewhat longer (11 and 13 weeks in the first and second seasons, respectively).
It is worth mentioning that plants that received 1080-or 1440-h chilling period produced runners compared with those treated with other chilling periods (Table 8) . Means with SEM (standard error of mean) from four replicates are presented. Number of early flower was calculated as accumulative number of flowers at week 9, and the total number of flowers per plant was calculated as accumulative number at week 20. Different letters in the same column indicate significant differences (p < 0.05, Fisher's least significant difference test). Different chilling periods used were: 0 or no chilling (control), 360, 750, 1080, and 1440 chilling hours. -0.001 0.000 -0.795** ∆R 2 = adjusted r 2 , HTB18 = accumulative PTU for the second stage (from planting to the end of 2 months) at a base temperatures 18 °C. Other accumulative PTUs at 10, 11, 13, and 15 °C were not significantly influenced and excluded from equation. 
DISCUSSION
Flowering in strawberry plants is related to complex factors, i.e., environmental factors, such as surrounding temperature, introduction of CH required during fall season and the photoperiods. In addition, it also depends on internal factors such as levels of endogenous hormone and levels of starch and carbohydrate in the roots and the crown (Ito & Saito 1962; Darrow 1966; Lieten et al. 1995; Lieten 1997; Rohde et al. 2000; Al-Madhagi 2013) . As well as it depends on the molecular and genetic basis of winter chill requirement (Atkinson et al. 2013) , and the plant age (Verheul et al 2006) .
Chilling is need for the initiation of flowers in strawberry (Ito & Saito 1962; Darrow 1966; Kinet et al. 1993; Lieten 1997 ). In the current study, the exposure to additional chilling reduced the period to flower initiation (Fig. 1) . Starch level on the crown part significantly positive correlated with days to flower opening (r 2 = 0.41, p = 0.05), and correlated with number of early flower (r 2 = 0.58, p = 0.01) (Fig. 5) . Al-Madhagi (2013) and Al-Madhagi et al. (2014) remarked the decrease in starch level and increase in sucrose levels during the flowering stage. Ito et al. (2002) showed that sucrose metabolism is involved in developing the plant flower bud in Japanese pear.
Accumulative PTU has its effect on the number of days to flower initiation. That explains the role of temperature and photoperiod after chilling exposure. However, subsequent warm temperature to chilling could induce the flower earlier. In addition, temperature and photoperiod have influence on the level of carbohydrates and on the type and level of endogenous hormone (Young 1989; Taiz & Zeiger 1998; Cutting et al. 1991; Cook & Bellstedt 2001; Ito et al. 2001; Corbesier et al. 2003; Ahmed & Ragab 2003; Ulger et al. 2004; Eshghi & Tafazoli 2007; Al-Madhagi et al. 2012; Al-Madhagi 2013) .
Moreover, the growth after exposure to chilling is satisfactorily responsive to the effect of growing degree hours (GDH) (Swartz & Powell 1981; Lang 1987; Cesaraccio et al. 2004 Cesaraccio et al. , 2006 Atkinson et al. 2013) . Forcing Fragaria after a short period of dormancy influences not only the vegetative growth but also the floral capacity (Piringer & Scott 1964; Kronenberg & Wassenaar 1972) . This could probably explain the reason for the earlier initiation of flowering in plants that received more chilling than those with no chilling.
Long chilling period (1080 and 1440 hours) reduced the length of flowering period. But all plants that received chilling for 1080 and 1440 hours produced the runners. Even though the experimental strawberry cultivar is everbearing, none produced runners under Sana'a climate conditions. However, the exposure to chilling for 1080 or 1440 hours changed the behavior of this cultivar to grow like Junebearing by producing runners (Table 8) . Strawberry plants exposed to plenty of chilling produced many runners (Guttridge 1969; Bringhurst et al. 1960; Porlingis & Boynton 1961; Bailey & Rossi 1965; Piringer & Scott 1964; Braun & Kender 1985; Kahangi et al. 1992; Risser & Robert 1993; Lieten 1997; Tehranifar et al. 1998; Bigey 2002; Hokanson et al. 2004; Taghavi & Aghajani 2017) . Longer durations of chilling lead to the shorter flower differentiation (Lieten 2006) . This result takes the same direction with Avigdori-Avidov et al. (1977) , who found that the increase in runner production of 'Tioga' and 'Fresno' and the decline in inflorescence formation came into full expression with longer periods of chilling. ____________________________________________________________________________________________________________________ Meanwhile, if the strawberry plant did not receive the satisfactory amount of chilling, the growth will be sluggish and would not form high fruits (Smeets 1982; Yangagi & Oda 1992) . Tehranifar et al. (1998) found the field chilling was more effective than that carried out using cold storage in the dark. Meanwhile, F. × ananassa does not true dormancy as observed with most members of the Rosaceae, where the short-day cultivars adapted to cool winters will grow in the tropical regions, and the full production will be achieved by required chilling (Arney 1956 ). The growth and development of strawberry after chilling is responsive to the endogenous hormone. For example, Waithaka et al. (1980) suggested that in vitro, the axillary buds of strawberry released from dormancy were responsive to a CK : GA ratio. Kirschbaum (1998) found that exposing strawberry plant to more chilling reduced the flower initiation. Okasha and Ragab (1993) found a negative correlation between the period of artificial chilling and flowering of 'Pajaro' and 'Selva' strawberries. A similar result was also obtained by Kinet et al. (1993) in 'Elsanta' with chilling 50-300 CHs. Meanwhile, Lieten et al. (1995) explained that the number of strawberry flowers was lessened by longer cold storage. The current study found that the number of the flower was increased by adding more chilling (360 or 750 hours of chilling) above the natural CH (above the control). It could be explained that the natural CH during the winter (about 139 CH, calculated as degree < 7.2) was less satisfactory to flowering. In general, the effect of cold storage or artificial chilling was linked to the cultivars (Iyer 1975) .
Furthermore, large variation in chilling requirement exists for F. × ananassa adapted to different climatic regions (Darrow 1955; Kronenberg & Wassenaar 1972) . That may explain the reason for the flowering stage after 9 and 11 weeks from plants that received 1080-and 1440-h chilling treatments. The difference in the results between the years may be related to the climate under which the plants grown before chilling accrued and during the growth and development of the plant after chilling treatment. The natural CHs were higher in the first season than the second season.
CONCLUSION
It could be concluded that exposure of strawberry to chilling under climate conditions in Sana'a might be able to substitute the natural chilling. Chilling for 360 h increased the total number of flowers. Chilling for 1080 or 1440 h increased the production of runners. It is suggested that entering and study new cultivars in term of chilling, and breeding between the local and the other cultivars.
